large calculation workload and inconvenient to use computer processing. Many methods are available to detect isomorphism but each has its own shortcomings.
In this paper, kinematic chains are represented by joint-joint adjacent matrix and a novel improved hamming number method is developed. This method is both reliable and simple. The greatest advantage is that without much additional computation. First, the joint-joint matrix can uniquely represent the kinematic chain, which includes all information about kinematic chain. In particular, the multiple joints expression does not require any conversions. Then, the improved Hamming matrix is obtained by the improved hamming number method. And the joint Hamming number, chain Hamming number and joint Hamming string were obtained by improved Hamming matrix. For better comparison, the joint Hamming numbers were sorted to determine whether the kinematic chain is isomorphic or not. Finally, the examples demonstrate that this new method can be accurately and effectively performed.
The joint-joint adjacent matrix
A kinematic chain is a collection of links connected by joints, this link and joint assemblage can be represented in a more abstract form called representation. The joint-joint adjacent matrix can representation these information. The serial number of links and kinematic pairs in the kinematic chain is not limited, and only needs to be labeled in sequence. The matrix is of size n n × for the kinematic chain of n joints. The joint-joint matrix is expressed as:
Where, the value of the diagonal element of the matrix , (
is 0. The other element of the matrix , ( ; 1, , ; 1, , )
is the serial number of the links. If there is no any connection between two links, the value of the element is "0". The serial number of links and kinematic pairs in 6-bar kinematic chain is composed, shown in figure 1. The joint-joint matrix of a kinematic chain is expressed as:
Wei Sun, Kong and Liangbo Sun, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.5 (2017) a is 2, which indicates that the kinematic pair 3 is connected with kinematic pair 4, and the serial number of the connected link is 2. The joint-joint matrix is presented to describe the kinematic chain, which can uniquely represent the kinematic chain structure. The kinematic chain diagram and the number matrix are one-to-one correspondence.
The improved hamming number method
The Hamming number (Rao and Raju, 1991) for any two codes each with n digits has been defined as the total number of bits in which the two codes differ. The improved Hamming number apply this definition to the rows i and j of A , we have, 
In order to better represent the kinematic chain by Hamming number. A few more definitions follow:
(1)Joint Hamming number for any joint i is the sum of all the elements in the i th row of the improved Wei Sun, Kong and Liangbo Sun, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.5 (2017) Hamming matrix. Thus the joint Hamming number for joint 3 is 24 4i + . (2)Chain Hamming number for any chain is the sum of all the joint Hamming numbers of that chain. The chain Hamming number for the 6-bar chain is 160 28i 
Where, the joint Hamming numbers are arranged from large to small. The first column of equation 5 is the serial number of joints. All the joints are divided into three categories by analyzing the joint Hamming numbers. The first category is joint 3. The second is joint 1, joint 2, joint 4 and joint 5. And the third is joint 6 and joint 7.
isomorphism identification
The process of isomorphism identification is as follows: Firstly, the joint-joint matrixes of the kinematic chains are obtained. If the size of the matrixes is not same, the kinematic chain is not isomorphic. Then, the joint Hamming strings of the kinematic chains are obtained by improved hamming number method. If the information is different, the kinematic chain is not isomorphic. If the information is same, the kinematic chain is isomorphic. The 10-bar kinematic chain with multiple joints is shown in Figure 2 . According to the description of joint-joint matrix in Section 2, the expression of the kinematic chain 1 C , 2 C and 3 C is carried out. The joint-joint matrixes of the kinematic chain 1 C , 2 C and 3 C are:
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The multiple joint expressions are easy to express by joint-joint matrix. For example, the joint 3 is a multiple joint in Fig. 2(a) . So there are link 3, link 4 and link 8 in the third row of the equation 6. And the joint Hamming strings of the kinematic chain 1 C , 2 C and 3 C are:
Wei Sun, Kong and Liangbo Sun, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.5 (2017) 5 ,6 ,6 ,5 ,5 ,6,6,6,5,5,0 3: 54 8 , 5 ,4 ,6 ,5 ,4 ,4 ,7,7,7,5,0 4 : 53 7 , 4 ,4 ,3 ,6 ,7,7,6,6,5,5,0 9 : 51 7 , 4 ,6 ,5 ,4 ,4 ,4 ,7,7,5,5 55 6 , 5 ,6 ,6 ,5 ,5 ,6,6,6,5,5,0 9 : 54 8 , 5 ,2 ,6 ,6 ,4 ,4 ,7,7,7,5,0 8 : 53 7 , 4 ,3 ,6 ,6 ,5 ,7,6,6,5,5,0 4 : 53 6 , 2 ,6 ,6 ,5 ,4 ,7,7,6,5,5,0 7 : 50 6 , 3 ,6 ,5 ,5 ,4 ,7,6,5,5,4 : 50 6 , 6 ,5 ,5 ,5 ,5 ,4 ,6,5,5,4,0 3: 49 6 , 3 ,6 ,5 ,5 ,3 ,6,6,6,5,4,0 10 : 49 6 , 3 ,6 ,5 ,4 ,4 ,6,6,5,5,5,0 2 : 47 7 , 4 ,2 ,5 ,5 ,4 ,7,6,5,5,4,0 11: 46 5 , 3 ,5 ,4 ,4 ,6,5,5,5,5,4 C is same as KC 2 C . Not is KC 3 C . So we can confirm the kinematic chain 1 C and the kinematic chain 2 C are isomorphism. And the kinematic chain 3 C is different.
Case analysis
Detecting isomorphism between 12-bar kinematic chains, as showed in Figure 3 .
The joint 92 6 , 6 ,6 ,6 ,5 ,5 ,5 ,8,8,7,7,7,6,6,5,5,0 11: 92 6 , 6 ,6 ,6 ,5 ,5 ,5 ,8,8,7,7,7,6,6,5,5,0 1: 90 7 , 4 ,6 ,6 ,5 ,5 ,5 ,8,7,7,7,7,6,6,6,5,0 2 : 90 7 , 4 ,6 ,6 ,5 ,5 ,5 ,8,7,7,7,7,6 ,6,5,0 3: 90 7 , 6 ,6 ,6 ,5 ,5 ,5 ,5 ,8,7,7,7,6,6,6,5,0 4 : 90 7 , 6 ,6 ,6 ,5 ,5 ,5 ,5 ,8,7,7,7,6,6,6,5,0 5 : 90 7 , 4 ,6 ,6 ,5 ,5 ,5 ,8,7,7,7,7,6,6,6,5,0 6 : 90 7 , 4 ,6 ,6 ,5 ,5 ,5 ,8,7,7,7,7,6,6,6,5 5 ,5 ,4 ,4 ,7,7,7,7,7,7,6,6,6,4,4,0 15 : 86 4 , 5 ,5 ,4 ,4 ,7,7,7,7,7,7,6,6,6,4,4,0 16 : 86 4 , 5 ,5 ,4 ,4 ,7,7,7,7,7,7,6,6,6,4,4,0 7 : 82 6 , 5 ,5 ,5 ,5 ,5 ,5 ,6,6,6,6,6,6,6,5,5 , 4 ,4 ,7,7,6,6,6,6,6,5,5,0 12 : 82 6 , 5 ,5 ,5 ,5 ,4 ,4 ,7,7,6,6,6,6,6,5,5,0 10 : 82 6 , 5 ,5 ,5 ,4 ,4 ,4 ,7,7,7,6,6,6,6,5,5,0 13: 82 6 , 5 ,5 ,5 ,4 ,4 ,4 ,7,7,7,6,6,6,6,5,5 ,0
Wei Sun, Kong and Liangbo Sun, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.5 (2017) 94 5 , 6 ,6 ,5 ,5 ,5 ,8,8,8,8,7,7,6,5,5,5,0 2 : 92 6 , 6 ,6 ,6 ,5 ,5 ,5 ,8,8,7,7,7,6,6,5,5,0 5 : 92 6 , 6 ,6 ,6 ,5 ,5 ,5 ,8,8,7,7,7,6,6,5,5,0 3: 90 7 , 4 ,6 ,6 ,5 ,5 ,5 ,8,7,7,7,7,6,6 Total 6,5,0 4 : 90 7 , 4 ,6 ,6 ,5 ,5 ,5 ,8,7,7,7,7,6,6,6,5,0 7 : 90 7 , 6 ,6 ,6 ,6 ,5 ,5 ,5 ,7,7,7,7,6,6,6,5,0 1: 88 8 , 4 ,6 ,6 ,5 ,5 ,5 ,5 ,7,7,7,7,6,6,6,6,0 6 : 88 8 , 4 ,6 ,6 ,5 ,5 ,5 ,5 ,7,7,7,7,6,6,6,6 5 ,5 ,5 ,4 ,4 ,7,7,7,7,6,6,6,6,5,4,0 12 : 84 5 , 5 ,5 ,5 ,4 ,4 ,7,7,7,7,6,6,6,6,5,4,0 13: 84 5 , 5 ,5 ,5 ,4 ,4 ,7,7,7,7,6,6,6,6,5,4,0 14 : 84 5 , 5 ,5 ,5 ,4 ,4 ,7,7,7,7,6,6,6,6,5,4 ,4 ,7,7,7,7,7,6,6,6,5,4,0 16 : 84 5 , 5 ,5 ,4 ,4 ,4 ,7,7,7,7,7,6,6,6,5,4,0 8 : 82 6 , 5 ,5 ,5 ,5 ,5 ,5 ,6,6,6,6,6,6,6,5,5,0 10 : 82 6 , 5 ,5 ,5 ,5 ,4 ,4 ,7,7,6,6,6,6,6,5,5 
Conclusions
In this paper, the joint-joint adjacent matrix is introduced to describe the kinematic chain, which can uniquely represent the structure of the kinematic chain. The matrix is used to realize the expression of the kinematic chain diagram directly to the matrix calculation, omitting the need for expression of the topology diagram. Some application examples the joint-joint adjacent matrix can conveniently represent planar kinematic chains with multiple-joint. Then, an novel algorithm the improved hamming number method was proposed. This method is both reliable and simple. The time complexity of IHNM is ( ) 2 O n . The greatest advantage is more efficient than other methods without much additional computation. The experimental results provided show the high performance of IHNM.
